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We have studied the relations between the neutron-triton
sattering lengths and eetive ranges and the orresponding
quantities for the p 
3
He sattering in the framework of the
potential model with an eetive nuleon-nuleus interation in
the form of a δ-shell potential. It is shown that the Coulomb
renormalization of the pure nulear sattering lengths does not
hange the relation well established for the n +
3
H system between
the lengths: A1 < A0. We have predited the p3He sattering
lengths whih give preferene to set I of the phase analysis
performed by E.A. George et al. (2003), whih orresponds to
the inequality A1
nc
< A0
nc
for the sattering lengths.
1. Introdution
The topiality of the determination of parameters of the
low-energy sattering in few-nuleon systems onsists
in the possibility to verify the theoretial approahes
and models used for the desription of suh systems.
These parameters are also used as the initial data in
the alulations of the more ompliated proesses with
partiipation of weak fores (for example, for the weak
apture of a proton by light nulei). At present, the low-
energy sattering parameters for the physial systems
with four nuleons are known with various degrees of
auray. In some ases, they are so indeterminate that
there exist, for example, two essentially dierent sets of
sattering lengths (zero-energy sattering amplitudes).
In this onnetion, of great interest is the problem
to study the orrelation relations between dierent
harateristis of dierent four-nuleon systems, whih
would allow one to obtain the independent information
about insuiently well-measured quantities on the
basis of reliable available data.
Here, on the basis of the potential model with an
eetive nuleon-nuleus interation in the form of δ-
shell potentials, we study the relation between the
lengths and eetive ranges of the S-wave sattering
of a proton by a nuleus
3
He (h, in brief) and the
orresponding quantities for the sattering of a neutron
by a triton
3
H (t, in brief).
2. Analysis of the Data on p−
3
He Sattering
The importane of the onsideration of this problem is
onditioned by the experimental situation observed now
in the determination of low-energy parameters of the
sattering of a proton by a
3
He nuleus. In Table 1, we
present values of the nulear-Coulomb sattering lengths
A1nc and A
0
nc, whih are, respetively, a triplet and a
singlet by the total spin, and the orresponding eetive
ranges r1nc and r
0
nc found on the basis of the results of
the phase analyses of experimental data on the p
3
He
sattering [16℄. The asterisk marks the results obtained
by us on the basis of the data of the orresponding works.
The most full phase analysis of all the totality of
data for the p
3
He sattering performed in the reent
work [6℄ has not given an unambigous set of values
for the triplet and singlet sattering lengths of the p-
h sattering. In that work, two sets of the sattering
lengths were presented.
A1nc = 7.9 fm, A
0
nc = 15.1 fm set I; (1)
A1nc = 10.4 fm, A
0
nc = 7.2 fm set II. (2)
These sets dier qualitatively and quantitatively
from eah other. Solutions (1) and (2) were obtained
on the basis of the dataset in [5℄, to whih the new
data on the proton analyzing power [7℄ and the data
on the ross-setions and the analyzing powers at very
low energies [8℄. Just the last data signiantly aeted
the nal result. We note that set I is haraterized by
a less value of the funtion χ2 = 0.958 per data point,
than set II (χ2 = 0.973), whih an indiate the higher
reliability of the former solution.
It is worth noting that the previous phase analyses
[1, 2℄ have also led to several solutions. From two results
related to solutions a) and ) in [1℄, Table III, our table
presents solution ) as suh that agrees with the empiri
observation r1nc < r
0
nc. The values orresponding to work
[2℄ are extrated by us from solution III given in [2℄.
In [4℄, all the data available at that time on the
p
3
He sattering up to 10 MeV (sattering ross-
setions, polarizations of a proton and a target, and
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the polarization transfer oeients) were analyzed in
the framework of the model of the separable potential
interation between a nuleon and a three-nuleon
nuleus.
As for the result of work [3℄, it was obtained by means
of the tting of triplet phase shifts with the help of the
expansion of the eetive range on the basis of the data
on phase shifts [8℄ and the results of the very old phase
analysis [9℄ whih have great errors. As a result, the
eetive range obtained in [3℄ seemed to be too small.
For this reason, the authors of work [3℄, with the help
of the experimental value of the triplet neutron-triton
sattering length A1n = (3.68 ± 0.05) fm [10℄ and the
well-known JaksonBlatt formula [11℄, got a somewhat
larger value
r1nc = (1.30± 0.18) fm. (3)
Nevertheless, the value of r1nc (3) remains notieably less
than two other values in Table 1.
In order to make an unambiguous hoie of one of
the two sets of p
3
He sattering lengths (1), (2), we
will involve the experimental and theoretial data on
the harge-symmetri neutron + triton system into the
analysis. In the approximation of the harge symmetry of
nulear fores, the system n+3H,whih has no Coulomb
interation between a neutron and a triton, an be
an additional soure of information in studying the
harateristis of the nulear-Coulomb system p+3He.
3. Analysis of the Data on n
3
H sattering
The experimental situation for the nt sattering lengths
looks better at least for the reason that these lengths an
be diretly determine with the help of any pair of suh
physial quantities as the threshold value of the total
ross-setion
σ = pi(A0
2
n + 3A
1
2
n ), (4)
the oherent length
Ac =
1
4
(A0nc + 3A
1
nc), (5)
and the inoherent length
Ai =
√
3
4
(A1n −A0n) (6)
of the nt sattering.
In our rst alulations [12, 13℄ of the triplet A1n
and singlet A0n pure nulear nt sattering lengths,
we noted the inonsisteny of the experimental data
available at that time on σ and Ac (see [13℄).
From that time, the auray of measurements of
these quantities is signiantly enhaned, and the
ontemporary experimental situation is presented in
Table 2. The available experimental data on the n
t sattering ross-setion σ [10℄ and the oherent
sattering length Ac [14, 15℄ impose, aording to
relations (4), (5), some empiri restritions on the
lengths A1n and A
0
n. In the plane of the variables A
0
n and
A1n, these data orrespond to the strips, the intersetion
region of whih gives the expeted experimental values of
the nt sattering lengths (two last olumns of Table 2).
We note that work [15℄, besides the reommended
value Ac = (3.59± 0.02) fm, gives also
Ac,avr = (3.61± 0.02) fm. (7)
The last value is obtained by the authors by means
of the averaging of three available values of Ac. It turns
out however that the small (0.5 %) addition to Ac,avr
(7) leads to the very lose approah of the upper edge of
the strip Ac,avr to the lower edge of the strip related to
the experimental value of σ [10℄. In this ase, a reliable
experimental determination of the lengths A1n and A
0
n on
the basis of the data for σ and Ac,avr is quite problemati.
The last row of Table 2 gives the results [16℄ obtained
on the basis of the R-matrix parametrization of the data
T a b l e 1. Values of the nulear-Coulomb triplet
(A1
nc
) and singlet (A0nc) sattering lengths and the
orresponding eetive ranges r1nc and r
0
nc obtained from
the data on phase shifts of the p−3He sattering. The
asterix marks the results obtained in the present work on
the basis of the data of the orresponding phase analyses
Soure A1
nc
, fm r1
nc
, fm A0
nc
, fm r0
nc
, fm
[1℄ 7.89 1.62 7.94 1.96
[2] 12.8∗ 1.7∗
[3] 10.2 ± 1, 4 1.02± 0.42
[4] 7.6∗ 1.8∗ 16.4∗ 1.9∗
[5] 8.1± 0.5 10.8 ± 2.6
[6] 7.9± 0.2 15.1 ± 0.8 set I
10.4± 0.4 7.2± 0.8 set II
T a b l e 2. Experimental data on triplet (A1n), singlet
(A0n), and oherent (Ac) sattering lengths and the total
ross-setion (σ) of nt sattering
Soure σ, áí Ac, fm A
1
n
, fm A0
n
, fm
[10] 1.70 ± 0.03 3.6 ± 0.1 3.91 ± 0.12
[14] 3.82 ± 0.07 3.70 ± 0.21 3.70 ± 0.62
[15] 3.59 ± 0.02 3.13 ± 0.11 4.98 ± 0.29 set I
4.05 ± 0.09 2.10 ± 0.31 set II
[16] 3.325±0.016 4.453±0.10
for p
3
He sattering with the approximate aount of
the Coulomb dierene of the p
3
He and n
3
H systems.
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The results of theoretial alulations of the
parameters of low-energy nt sattering for the reent
years [1723℄ are presented in Table 3. These alulations
are mainly based on solutions of the four-partile
equations whih take stritly the multipartile dynamis
and boundary onditions of the problem into aount.
As for the interation between nuleons, the models
inluding even the three-partile fores, in addition to
ompliated two-partile potentials, have been used in
the last years (see, e.g., the third row of the results
from [23℄ in Table 3). The averaging of the theoretial
results for sattering lengths and eetive ranges, whih
give the values of the oherent sattering length and
total nt sattering ross-setion (Table 2) losely to the
experimental data, yields
A0n = (4.0± 0.1) fm, r0n = (1.95± 0.05) fm, (8)
A1n = (3.58± 0.05) fm, r1n = (1.75± 0.05) fm. (9)
In this ase, for the lengths and the eetive ranges (8)
and (9), the following relations hold:
A1n/A
0
n = 0.895 < 1, (10)
r1n/r
0
n = 0.897 < 1. (11)
An additional soure of the information on the
parameters of low-energy neutron-triton sattering
would be the results of phase analyses of the
experimental data in the energy range up to 10 MeV.
However, the results of the old phase analysis of nt
sattering [24℄ were obtained on the basis of a restrited
dataset, are haraterized large errors, and an be used
in order to get the information on the sattering lengths
with aution. For the singlet spin hannel, the phase
shifts from [24℄ are very muh underestimated by
T a b l e 3. Theoretial date on triplet (A1n) and singlet
(A0n) sattering lengths and the orresponding eetive
ranges (r1n and r
0
n) and the oherent sattering length
(Ac) and the total ross-setion (σ) of the sattering of a
neutron by a triton
Soure A1
n
, fm r1
n
, fm A0
n
, fm r0
n
, fm Ac, fm σ, fm
[17] 3.61 4.09 3.73 175.4
[18] 3.46 4.24 3.66 169
[19] 3.597 3.905 3.68 170
[20] 3.6 4.0 3.7 172.4
[21] 3.80 4.32 3.93 194.7
[22] 3.63 4.10 3.75 177.0
3.73 1.87 4.13 2.01 3.83 184.7
[23] 3.76 4.31 3.90 191.6
3.79 1.76 4.31 2.08 3.92 193.7
3.53 1.71 3.99 1.95 3.65 167.5
modulus and are haraterized by great errors.
Generally, the two-parameter approximation of the
singlet and triplet phase shifts from [24℄ gives
A0n = (2.8± 0.5) fm, r0n ≈ 1.6 fm, (12)
A1n = (3.4± 0.5) fm, r1n ≈ 2.3 fm. (13)
The result for the singlet length A0n (12) is signiantly
less than all available data for this quantity (see Tables 1
and 2). The same onlusion onerns the eetive range
r0n (12). For the triplet hannel, the eetive range r
1
n
(13) looks to be very muh overestimated. We note that
values (12) and (13) do not agree with relations (10) and
(11).
In the other phase shift analysis [4℄, the preditions
for the nt sattering phase shifts were made on the
basis of the results of the phase analysis of ph data
in the framework of the model of separable interluster
interation. After the optimization of tting parameters
of the nulear ph potential, the authors of work [4℄
alulated the phase shifts of ph sattering and the
sattering phase shifts for the harge-symmetri nt
system. The results of work [4℄ let us to extrat the
following sattering lengths and eetive ranges:
A0n = 5.5 fm, r
0
n ≈ 2.3 fm, (14)
A1n = 3.2 fm, r
1
n ≈ 2.1 fm. (15)
But, from our viewpoint, just the phase shifts of nt
sattering in [4℄ are not suiently exat, beause they
are a reetion of the phase shifts of ph sattering.
However, as ompared with the later more exat phase
analysis [5℄, the singlet phase shifts [4℄ in the interval of
laboratory energies less than 6 MeV look essentially (by
10
◦
) overestimated. Respetively, lengths (14) and (15)
yield the total nt sattering ross-setion σ = 1.92 b,
whih exeeds the experimental result [10℄ by 13% (see
Table 2). We note that the eetive parameters (14) and
(15) satisfy relations (10) and (11).
In what follows as the input data of our analysis of
ph sattering in the triplet spin hannel, we use the
experimental value of the triplet length of nt sattering,
A1n = (3.6± 0.1) fm, (16)
whih agrees well with the theoretial predition (9). For
the singlet spin hannel, we will onsider two following
values of the nt sattering length:
A0n = (4.0± 0.1) fm, (17)
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whih represent the experimental value [10℄ and the
averaged theoretial result (8), and
A0n = (4.453± 0.100) fm, (18)
being a result of the R-matrix parametrization of the
data on p−3He sattering [16℄. The experimental set I
[15℄ inludes the triplet and singlet lengths of nt
sattering whih lie outside values (16)(18).
4. Determination of Eetive Parameters of
the ph Sattering from the nt Data
Under assumption of the harge symmetry of nulear
fores, the available information on the n+t system
an be used in the derivation of the sattering lengths
and eetive ranges for the p+h system. In order to
haraterize the eetive nulear interation of a nuleon
with a three-nuleon nuleus, we will use the model of
δ-shell potential
V (r) = −λδ(r −R)
R2
, (19)
where R is the interation radius, and λ is the potential
intensity.
We note that a potential of the form (19) well
desribes the S-wave phase shifts of NN sattering up to
energies ≃250 ÷ 300 MeV in the laboratory system and
ensures a good desription of low-energy harateristis
of a system of three nuleons [25℄. This potential agrees
naturally with the fat that low-energy properties of a
three-nuleon system turn out insensitive to a detailed
behavior of the interation at small distanes and are
mainly determined by its intensity at distanes about
(1.5 ÷ 2) fm.
Potential (19) was suessfully used earlier as NN -
fores in the alulation of the harateristis of
threshold nt sattering [18, 26, 27℄ on the basis of
the strit four-partile FaddeevYakubovsky integral
equations.
For potential (19), the pure nulear and modied
nulear-Coulomb sattering lengths and eetive ranges
are expressed through the potential parameters R and λ
in the analyti form [28℄:
1
An
=
1
R
− 1
λ
, (20)
rn =
2R2
3
(
1
R
+
1
λ
), (21)
1
Anc
=
2
aBI21
[
−R
λ
+ 2I1K1
]
, (22)
rnc =
2aB
3I2
1
[
R
λ
x3/2I2
I1
+
1
2
(I2
1
− x)
]
. (23)
In formulas (22) and (23), aB = ~
2/(2µe2) is the
Bohr radius of the ph system, µ is the redued mass,
x = 2R/aB, and I1, I2, and K1 are the modied Bessel
funtion of the variable z = 2
√
x. As λ → ∞, formulas
(20)(23) take the form
A∞n = R, (24)
r∞n =
2
3
R, (25)
A∞nc =
aB
4
I1(z)
K1(z)
, (26)
r∞nc =
aB
3
(1− z
2
4I2
1
(z)
), (27)
where z = (8R/aB)
1/2
.
Below, we will nd the potential of the pure nulear
interation of a nuleon with a three-nuleon nuleus
(parameters R and λ) from formulas (20) and (21),
where we will use, as the input values, the most reliable
data for the sattering lengths and eetive ranges of
a neutron by a triton, An and rn. Then the nulear
potential onstruted in suh a way will be applied to
the determination of the sattering lengths and eetive
ranges Anc and rnc for the nulear-Coulomb sattering
of a proton by a nuleus
3
He.
In order to study the sensitivity of the preditions to
the value of the unertainty of the nt data, we use the
set of δ-shell potentials (19), by varying the range of the
potential R and its intensity λ in wide limits at xed
values of the nt sattering lengths An or the eetive
range rn. Suh a set inludes both the attrative and
repulsive potentials. Within suh an approah, we will
larify the harater of the orrelation relations between
various quantities and use them for the derivation of an
important additional information for dierent physial
systems. We note that the use of repulsive potentials
an be substantiated by the presene of a strong Pauli
repulsion in the interation of a nuleon with a three-
nuleon nuleus in the spin states under onsideration.
Suh a repulsion ounterats the loalization of the
system in a small region of the onguration spae,
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Fig. 1. Eetive parameters of triplet ph sattering A1
nc
and r1
nc
,
the range of nt sattering r1
n
, and the δ-shell potential intensity λ
versus the eetive range of the potential R at a xed experimental
value of the nt sattering length A1
n
= 3.60 fm
where the nulear attration between nuleons is
signiant.
For the the nuleon + α-partile system, whih
is very lose to our ase as to the harater of the
interluster interation, suh S-wave potential of the
repulsive form was suessfully used in the desription
of the phase shifts of Nα sattering up to energies
≃ 25 MeV [29℄. On the other hand, suh systems are
traditionally desribed with potentials of the attrative
type [30℄. The attrative harater of the interation of
a nuleon with an α-partile is also demonstrated by
results of the solution of the inverse problem of Nα
sattering [31℄.
In Fig. 1, we present the dependene of the eetive
parameters of p
3
He sattering (Anc and rnc) alulated
by us, the eetive range of nt sattering (rn), and the
potential intensity λ on the potential range at a xed
experimental value of the nt sattering length in the
triplet spin hannel A1n = 3.6 fm [10℄. The parameters
R and λ of the set of attrative (λ > 0) and repulsive
(λ < 0) δ-shell potentials (19) of the nulear interation
of a nuleon with a three-nuleon nuleus are varied in
a orrelated manner so that to ensure the prodution of
a hosen xed four-nuleon parameter A1n [10℄ with the
use of these potentials.
The value of the radius R∞ = 3.60 fm, at whih
the funtion 1/λ rosses the absissa, orresponds to
the sattering by a sphere with the innite attration
(on the approah to the point from the left) or by
the innite repulsion (on the approah from the right).
The last variant is known in the literature as the hard-
sphere model whih was quite suessfully used on the
early stages of the studies of the proesses of sattering
in hannels ontaining no bound or resonant states of
the system. At the point R∞, the plot of the funtion
Anc(R) reahes a minimum, A
∞
nc = 8.4 fm, whereas the
funtions of eetive ranges take the maximum values
r1nc = 1.95 fm and r
1
n = 2.40 fm at this point. The
presented numerial values an be obtained diretly with
the help of formulas (24)(27) whih imply also that the
value of R∞ oinides with the length A
∞
n (24). To the
left and to the right from the point R∞, values of Anc,
rn, and rnc whih orrespond to, respetively, attrative
and repulsive potentials are positioned. We note that the
relation
rn > rnc (28)
holds for all attrative interations. For repulsive
potentials, inequality (28) at R ≈ 5.63 fm (for the given
spei plot) hanges into the inverse one:
rn < rnc. (29)
Figure 1 demonstrates learly how, for example, the
hoie of a spei value of the eetive range rn of n
t sattering allows one to at one determine a value
of R (and, hene, λ(R)) and to obtain the nulear-
Coulomb quantities Anc(R) and rnc(R) orresponding
to these partiular pure nulear quantities An and rn.
Analogously, as the seond quantity (in addition to
An = 3.6 fm) for the xation of spei parameters of
the potential, R and λ(R), we an hoose Anc or rnc and
to nd, respetively, rn and rnc or Anc and rn.
In Fig. 2, we present the orrelations between
the eetive parameters of triplet ph sattering,
A1nc and r
1
nc, and the eetive range of triplet n
t sattering r1n at a xed experimental value of
the triplet length of nt sattering, A1n = 3.6
fm [10℄. These interrelations diretly between four-
nuleon harateristis were obtained by the internal
parametrization of the alulated quantities in terms of
the range of the potential, R. We note that the analyti
formulas for the orrelation relations shown in the plots
follow from (17)(20):
1
Anc
=
2
aBI21
[
R
An
+ 2I1K1 − 1
]
, (30)
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1
Anc
=
2
aBI21
[
1 + 2I1K1 − 3
2R
rn
]
, (31)
1
Anc
= f1(R) + f2(R)rnc, (32)
f1(R) =
1
aB
[
4
K1
I1
+
I2
1
− x
x3/2I1I2
]
, f2(R) =
3I1
a2
B
x3/2I2
,
(33)
rnc =
2aB
3I2
1
[
I2
I1
x3/2(
3
2R
rn − 1) + 1
2
(I21 − x)
]
. (34)
In fat, the graphial interpretation of relations (30)
(34) allows us to obtain a numerous additional
information in addition to the numerial one.
In Fig. 2, we give also the values of the range R
and the intensity λ of potentials (19) whih reprodue
the above-mentioned experimental value of the nulear
sattering length A1n, but give dierent values of the
eetive range r1n. The extreme right points of the
plots in Fig. 2 orrespond to the potentials with
λ = ±∞ and denote the transition from the set
of attrative potentials (branhes (+)) to the set
of repulsive potentials (branhes ()). The values of
Anc, rnc and rn obtained from this plot as |λ| = ∞
reonstrut exatly the numerial values given above
diretly prior to formula (28).
The analysis of the harater of the dependene of the
quantities Anc and rnc on rn indiates that the triplet p
3
He sattering length for repulsive potentials dereases
very weakly in a linear manner from 9.1 to 8.4 fm (≃8
%) under a quite signiant variation of the eetive
range of nt sattering rn in the sope 1.5 ÷ 2.4 fm (=60
%). In this ase, the nulear-Coulomb eetive range rnc
inreases by ≃23 % from 1.6 to 1.95 fm.
For the attrative potentials (19), the nulear-
Coulomb quantities Anc and rnc show a onsiderably
greater sensitivity to the variation of the eetive range
of nt sattering. With inrease in rn from 1.5 to 2.4 fm,
the length Anc dereases by≃23 % from 10.97 to 8.43 fm,
and the eetive range rnc demonstrates a twie greater
sensitivity, by growing by 46 % from 1.34 to 1.95 fm.
The above-presented results allow us to onlude that
1) sattering lengths Anc are less (by 23 times)
sensitive to variations of the eetive range of nt
sattering rn, than the nulear-Coulomb eetive range
rnc;
Fig. 2. Correlations between the eetive parameters of triplet
ph sattering A1
nc
and r1
nc
and the eetive range of triplet n
t sattering r1
n
at a xed experimental value of the triplet nt
sattering length A1
n
= 3.6 fm [10℄. The values of the range of
the δ-shell potential R and the intensity λ ((+)  attrative, () 
repulsive), whih reprodue the low-energy parameters presented
in the plot, are also given
2) in the ase of attrative potentials, the sensitivity
of the quantities Anc and rnc to the variation of
the eetive range of nt sattering rn is greater,
respetively, by ≃3 and ≃2 times, than that for repulsive
fores.
In Figs. 3 and 4, we give the orrelations between the
eetive parameters of the singlet ph satteringA0nc and
r0nc and the eetive range of the singlet nt sattering
r0n at xed values A
0
n = 4.0 fm (19) and A
0
n = 4.453 fm
[16℄ given by the R-matrix proessing of experimental p
h data. On the whole, the plots give the same pattern as
that in Fig. 2. The larger nulear singlet nt lengths have
led only to a relative inrease in the nulear-Coulomb
eetive parameters A0nc and r
0
nc.
In the frame of the developed approah to δ-shell
potentials of the repulsive type, we make predition for
the eetive parameters of ph sattering on the basis of
the data for the nt system. For example, for the triplet
sattering, the experimental value A1n = (3.6± 0.1) fm
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Fig. 3. Correlations between the eetive parameters of singlet
ph sattering A0
nc
and r0
nc
and the eetive range of singlet n
t sattering r0
n
at a xed experimental value of the singlet nt
sattering length A0
n
= 4.0 fm (17) (Other designations are the
same as in Fig. 2)
[10℄ and the theoretially alulated value r1n = (1.75±
0.05) fm (9) let us to obtain the following values of the
ph parameters:
A1nc = (8.88± 0.48) fm, r1nc = (1.68± 0.04) fm. (35)
For the sattering in the singlet spin hannel, the
experimental and theoretial nt data on A0n = (4.0 ±
0.1) fm (17) and r0n = (1.95 ± 0.05) fm (8) in Fig. 3
orrespond to the ph eetive parameters
A0nc = (10.63± 0.52) fm, r0nc = (1.85± 0.04) fm. (36)
Analogously, for the R-matrix result A0n = (4.453 ±
0.100) fm [16℄ and r0n = (1.95 ± 0.05) fm (8), we get
(see Fig. 4)
A0nc = (13.05± 0.62) fm, r0nc = (1.97± 0.04) fm. (37)
Result (37) is somewhat overestimated due to the 11%
overestimation of the input value A0n = 4.453 fm as
ompared with A0n = 4.0 fm (8).
For the sake of ompleteness, we present also values
of the nulear-Coulomb sattering lengths and eetive
ranges whih orrespond to attrative potentials. For
Fig. 4. Correlations between the eetive parameters of singlet p
h sattering A0
nc
and r0
nc
and the eetive range of singlet nt
sattering r0
n
at a xed value of the singlet nt sattering length
A0
n
= 4.453 fm whih orresponds to the R-matrix proessing of
the experimental ph data [16℄ (Other designations are the same
as in Fig. 2)
example, the triplet nt data, A1n = (3.6 ± 0.1) fm and
r1n = (1.75± 0.05) fm, in Fig. 2 (branh (+)) orrespond
to the ph eetive parameters
A1nc = (9.90± 0.85) fm, r1nc = (1.53± 0.04) fm. (38)
Analogously, for the singlet nt data (8), we get (see
Fig. 3)
A0nc = (12.0± 1.0) fm, r0nc = (1.68± 0.04) fm, (39)
whereas, for A0n = (4.453± 0.100) fm and r0n = (1.95 ±
0.05) fm, we have (Fig. 4)
A0nc = (16.7± 1.7) fm, r0nc = (1.69± 0.05) fm. (40)
Result (40) for A0nc is somewhat overestimated beause,
on its determination, we used the value of the eetive
nt range r0n (8) whih is onsistent with the alulated
value of the nt length near (4.0 ± 0.1) fm. But,
with inrease in the nt sattering length An, the
orresponding eetive rangern is also inreased, as a
rule. Therefore, we may assume that the sattering
length A0n = 4.453 fm must orrespond to the greater
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eetive range r0n ≃2.15 fm. In this ase, the orrelation
dependene A0nc(r
0
n) gives a less value, A
0
nc ≃ 15.0 fm.
Attrative potentials give the values of sattering
lengths whih exeed our preditions (35)(37) for
the repulsive eetive interation by 12%. On the
other hand, the eetive ranges for repulsive potentials
exeed the orresponding values for attrative potentials
by 10%.
The obtained triplet p
3
He sattering length (35)
well agrees with the four-partile alulations of this
quantity on the basis of the Kohn variational priniple
and the tehnique of hyperspheri harmonis with regard
for three-partile fores [21℄:
A1nc = 9.13 fm (potential AV18UR).
A somewhat greater value is obtained in work [21℄ for
potential AV18 without regard for three-nuleon fores:
A1nc = 10.1 fm.
The same value is obtained in alulations in the frame of
the Monte Carlo method with inlusion of three-partile
fores (potential AV18UR) [32℄:
A1nc = (10.1± 0.5) fm.
Our predition for the singlet ph sattering length (36)
is, again, rather lose to the result of alulations in [21℄
for the interation inluding three-partile fores:
A0nc = 11.5 fm (potential AV18UR).
Without regard for three-partile fores, a somewhat
greater value
A0nc = 12.9 fm (potential AV18)
was obtained in [21℄.
The eieny of the applied method of the study
of the sattering of a proton and a neutron in
harge-symmetri four-nuleon systems an be also
demonstrated by the example of the sattering of a
proton and a neutron by an α-partile. The experimental
data for sattering lengths and eetive ranges for
these systems are known with a quite high auray
[33℄. Using the data on the sattering of a proton by
an α-partile, we determined the attrative δ-potential
and the repulsive potential whih is haraterized by
a twie greater eetive range and the modulus of the
oupling onstant (Table 4). The alulations performed
with these potentials gave the onvergent values of the
sattering length and the eetive range of the sattering
in the n+α-partile system. The pure nulear sattering
length obtained from the nulear-Coulomb experimental
data oinides with the experimental values obtained
from the phase shifts of the sattering of a neutron by
an α-partile. The eetive range of the pure nulear
sattering predited by us is also very lose to the
experimental result for the n+α system. Thus, the model
of δ-shell interation allows us to get the well onsistent
desription of the nulear-Coulomb and nulear harge-
symmetri systems p+α and n+α.
5. Conlusions
On the basis of the suiently reliable data on the nt
sattering lengths and the obtained orrelation relations
for repulsive potentials, we have predited the sattering
lengths and eetive ranges for the nulear-Coulomb
system p+3He: A1nc = (8.88 ± 0.48) fm, r1nc = (1.68 ±
0.04) fm and A0nc = (10.63 ± 0.52) fm, r0nc = (1.85 ±
0.04) fm.
It is shown that the Coulomb renormalization of
pure nulear lengths does not hange the well-established
relation A1 < A0 for the n+t system.
We have established that, on the desription of the
eetive nulear interation of a nuleon with a three-
nuleon nuleus with repulsive potentials, the nulear-
Coulomb sattering length and the eetive range of p
h sattering depend linearly on the eetive range of
nt sattering, rn. For attrative potentials, the relevant
dependenes dier somewhat from linear ones.
On the whole, our preditions for the p
3
He
sattering lengths give preferene to the results of the
phase-shift analysis in [6℄ orresponding to the inequality
A1nc < A
0
nc (set I). Our onsideration shows, however,
that the singlet sattering length in [6℄ is somewhat
T a b l e 4. Sattering length An , the eetive range
rn , and the shape parameter P of the sattering of
a neutron by an α-partile alulated on the basis of
the experimental data for the nulear-Coulomb S-wave
sattering of a proton by an α-partile: Anc = (4.97 ±
0.12) fm, rnc = (1.30±0.08) fm [33℄ (λ is the intensity, and
R is the range of the δ-shell potential of the interation
of a nuleon and an α-partile)
rnc, fm λ, fm R, fm An, fm rn, fm P
1.38 9.8259 1.9895 2.494 1.5948 −0.0693
−13.8474 3.0471 2.4975 1.5844 −0.0537
1.30 5.3867 1.6919 2.4667 1.4822 −0.0642
−9.4010 3.3667 2.4789 1.4407 0.0211
1.22 3.7785 1.4812 2.4362 1.3746 −0.0605
−7.7854 3.5996 2.4615 1.2902 0.1868
Exp. [33] 2.4641±0.0037 1.385±0.041
overestimated (by ≃ 35%) and that the Coulomb
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renormalization annot result in suh an inrease in
the singlet nt sattering length. We note that the
phase analyses performed prior to work [6℄ also gave not
quite reliable results for the singlet phase shift of ph
sattering. In view of the above disussion, we onsider
the set [6℄
A1nc = (8.2± 0.6) fm, A0nc = (10.3± 2.7) fm
as the most reliable phase shift predition of the ph
sattering lengths, whih orresponds to the ph dataset
of [5℄ supplemented by the experimental values of the
proton analyzing power [7℄.
The performed study indiates the neessity to arry
out a new phase analysis of the data on the low-energy
p
3
He sattering with the use of the sattering lengths
predited by us and the new experimental data for
the dierential ross-setions and the proton analyzing
powers obtained in [34℄ as the input data.
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